SECOND SEMIANNUAL TECHNICAL REPORT
1/1/71 - 6/30/71
STRUCUTRAL EFFECTS ON ELECTRICAL PROPERTIES

IN AMORPHOUS SEMICGNDUCTORS

AD727154

School of Engineering
‘'Vanderbilt University
Nashville, Tennessee 37203

D. L. Kinser, Co-principal Investigator 615-322-2413

L. K. Wilson, Co-principal Investigator 615-322-2771

Sponsored by
ADVANCED RESEARCH PROJECTS AGENCY
ARPA ORDER: 1562
PROGRAM CODE: 61101D
CONTRACT NUMBER: DAHCO04-70-C-0046
AMOUNT OF CONTRACT: $88,136.00
EFFECTIVE DATE OF CONTRACT: June 1, 1970

CONTRACT EXPIRES: May 31, 1972

Date Submitted: July 31, 1971

'he views and conclusions contained in this document are those of
-he authors and should not be interpreted as necessarily represent-
ng the official policies, either expressed or implied, of the
\dvanced Research Projects Agency or the U. S. Government.
Reproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE

Springhieid, Va. 22151

DISTRINUTICH STATEMENT A

A-rroved for public release;
" Disiribution Unlimited




BEST
AVAILABLE COPY




ABSTRACT

N\
During this report period, work has been concentrated on

a survey of the structure, elcctrical and magnetic properties
of transition metal oxide-phosphate glasses and glasses in the
A82Te3-A825e3 system which possess electrical cr magnetic device
potential. Results of magnetic and electrical observations in
several transition metal-phosphate glasses have revealed a high
degree of magnetic and structural order. The pronounced influence
of glass-glass phase separation has also been noted.

Examination of a ViO5 - P205 glass has revealed an anti-
ferromagnetic transition in the glass at a low temperature.

Results on a Cu0O-P 05 glass are promising, in that an extremely

2
large range of conductivities has been observed thus indicating
potentially useful in device application.

Detailed studies of the Anz“rea-ABZSe3 system has shown
switching behavior which can be controlled with compositional
variation. These results are consistent with a thermally induced
switching mechanism. This material has been examined in the

microwave frequencies and exhibits an extremely high dielec.ric

constant with low losses.
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STATEMENT OF PROBLEM

The device potential in amorphous semiconducting materials
i. a largely unexploited area, despite extensive research in
this area. This is the result of a iack of systematic structure-
property oriented research in these materials. A fundamental
understanding of the structural features of this class of
materials will allow rational interpretation and control of
relationships between glass preparation variables and important
electrical and magnetic properties.

Electronic conduction in amorphous solids has become the
the subject of interest to a number of theoreticians and has
been reviawed by Mott (1), Gubanov (2) and numerous others.
Virtually all of these works have begun with an assumption
that amorphous solids are uniformly random, even though they
recognize glasses are generally heterogenous. These theoreticians
have developed analytical descriptions of several systems which
have been experimentally verified in some cases. Attempts to
extend this approach to microscopically heterogenous systems
have had notably little success. There remains a considerable
body of experimental results, including Hall and Seebeck co-
efficients, which are not rationalized by present theory.

Pearson (3) ihias suggested that heterogenous structure in
these materials may explain these anomalies if the separated

phase is crystalline. It appears that heterogenous transport




analysis similar to that of Volger (4) or Bube (5) is required
to ascertain the transport behavior in each phase.

Another important anomaly between theory and observation
concerns the theoretically predicted insensitivity of amorphous
semiconductors to doping. Early experimental observations by
Kolimets, et. al. (6), conformed to the theoretical predictions,
but recent work hy Mackenzie (7) clearly conflicts with the
theory and the early work. It appears that the above anomalies
are the result of inadequate structural characterization, rather
than fundamental theoretical problems.

Further evidence that structural heterogenities lie at
the root of these anomalies can be inferred from work by Kinmser,
et.al. (8), in K20-P205-V205 glasses. This work has shown that
marked changes in dielectric behavior occur during thermal
treatments customarily used to stress relieve glasses. These
changes have been shown to be the result of structural changes
involving precipitation of small amounts c¢f crystals.

Wilson and Kinser (9) have observed similar, but somewhat
more complex, behavior in FeO-on5 glasses after thermal treat-
ments corresponding to annealing. Electron spin resonance (ESR)
results have shown the onset of structural changes during thermal
treatment prior to their observation by other commonly employed
techniques (10).

It 1is thus apparent that homogenous glasses, semiconducting



or otherwise, are the exception rather than the rule.

GENERAL METHODOLOGY

The electrical and magnetic property changes accompanying
structural modifications during glass processing are of prime
interest in the present work. The above questions can only be
answered with detailed structural characterization of represent-
ative glasseus from the oxide and chalcogenide groups. The
initial oxide glass examined was the 55 Fe0-45 P,05 glass along
with glasses from the V205-P205, Cu0-P,05, T10,-P,05 and Mno-on5
systems. The initial chalcogenide glasses are from the AszTc3-
A328e3 system wilh Ag-As-s glasses in preliminary stages of
study.

Structural characterization of these systems is being ac-
complished using electron microscopy, Guinier-DeWolff x-ray,
electron spin resonance spectroscopy, magretic susceptibilicy,
electron microprobe, dielectric relaxation, M;ssbauer spectro-
scopy and differential thermal analysis techniques.

In conjunction with the structural tools, it is necessary

hat the conductivity, switching behavior and Seebeck coefficient

be monitored to allow direct structure-property correlations.



RESULTS

Transition Metal Phosphate Glasses

Previously reported work in FeO-on5 glasses has indicated
that considerable compositional segregation occurs during thermal
treatments. Simliar compositional segregation has also been

previously inferred in VZOS-PZOS glasses.

FeO-ons Glasses

—a—

Electrical resistivity has been observed in a 55Fe0-45?205
glass for a series of oxidation states with differing thermal treat-
ment temperatures (See paper appended for deta’led discussion).
The results of these observations have indicated that the minima
in the conductivity versus oxidation s%ate plot (Figure 1) is
shifted after themal treatment. Chemical analysis of samples
before and after thermal treatment show no change in overall
oxidation state. These observations indicate that this system
segregates preferentially in a manner which appears to shift the
minimum in resisitivty to about Fe3+/Fet©0ta@8lap,7. This shift is
clearliy a consequence of micrcstructural segregation and not a
consequence of the atomic structure of the glass.

Magnetic susceptibility of the iron-phosphate glasses re-
vealed that the iron ions in the bulk glass were coupled anti-
ferromagnetically with 6 = -2399%K and x = 6.58 x 1077 cgs. At

room temperature these results are in accord with previous ESR

data which indicated that the iron ions in the bulk glass were



coupled antiferromagnetically in trivalent and divalent pairs.
Heat treatment of the glasses for 14 hours at 800°C resulted
in devitrification and growth of -“rystalline phases which have
been identified by room temperature vacuum Guinier de Wolff
techniques as Fe304, FePO,, Fe3PO7, and Fea(P207)3. The heat
treatment caused the projected 6 to decrease to -74°K and the

mass susceptibility to increase to 7.18 x 10-3 cgs.

VZOS-?ZPS Glasses

Glass formation in the V205-P205 system was initially
reported by Roscoe (11) in 1868. Almost a century later Munakata
(12) examined a 60 V05 =20 P05 -20 BaO glass with varying
v4t/v5* ratio and observed a minimum in resistivity at vé*/ytotal
= 0.2 Several others have subsequently.discussed the significance
of this observation in terms of the conduction mechanism (13,14).
Recently Lindlsey et.al. (15) have published a comprehensive
analysis of five different V205/P205 compositions with varying
vét ytotalraeios, Lindsley observed a minimum in resistivity in
all glasses examined in the range v4/vtotal » g 1.9.2.

It appears that the observation of this deviation of the
minimum point from 0.5 is quite damaging to a single hopping
conduction model; Lindsley proposed two possible explanations
to salvage the hopping model. The first consists of a complex
ion formation which structurally isolates some of the v3* from

the conduction process. The second possible explanatiorn depends



upon the structural breakup of -V-0-P-chains. Neither of these
explanations is particularly palatable in the light of the
strong glass forming tendency of both V205 and P205.

Lindsley et.al. cited a recent work by Anderson & Luehrs(16)
as indicating microscopic homogenity. This work was conducted
on thin films which in fact exhibited some phase separation
characteristics. We have examined numerous V205/P205 glasses

using electron replica techniques on fractured etched surfaces
and almost all of the glasses examined exhibit immiscibility.

An extensive magnetic study of the vanadium-phosphate glass
system was undertaken in an attempt to resolve some discrepanciles
in the litzrature. Several investigators (17,18) have reported
hyperfine spectra in their ESR data of 90-10 and 80-20 vanadium-
phosphate glasses. Glasses with these compositions were made,
but no hyperfine structure was observed. Eventually 6 glasses
were studied in the 60-90 mole 2 V205 range and the microstructures
revealed the presence of a mestable immiscibility gap. 1In spite
of the extensive phase separation in the glasses containing high
vanadium concentrations, no hyperfine structure was observed.
Since none of the investigators who detected hyperfine reported
any x-ray studies of their glasses, we have concluded that their
samples were partially devitrified.

It was determined by correlation of magnetic susceptibility

and ESR data that there existed direct antiferromagnetic coupling



between Vl'+ ions in the glass. This coupling resulted in an
antiferromagnetic transition temperature near - 70°C. The
reduction in temperature of this transition temperature from the

Neel temperature of crystalline VO, is the result of the octa-

2
hedral site symmetry of the va+ in :the glass and the delocal-
ization of the V-0 bonding electrons by the phosphorous ion.

Determination of the concentration of Vl'+ ions in the glasses
studied was in agreement with two previous investigators (19,20).
However, it was found that the linewidth of the resonance increased
at high vanadium concentrations. This is contrary to the pre-
diction of the generally accepted structural model proposed by
Janakirama-Rao (21). The linewidth increase is the result of in-
homogeneity broadening due to the increased phase separation of
glasses containing high vanadium concentrations. Thermal treat-
ments leading to phase separation of the glasses also caused a
hysteresis in the resonance intensity vs. temperature plot at
the antiferromagnetic transition temperature. This hysteresis is
similar to that observed in the Neel temperature of crystalline
compounds containing more than one phase (22).

In order to study the magnetic behavior of glasses with
increased concentration of the lower valence state ions, dextrose
was added to the melts of the 65-35 and 80-20 glasses. This
resulted in enhanced phase separation of the glass into vanadium-

rich and phosphate-rich phases. A hysteresis was observed at the



transition temperature of the glass, and in addition, weak
transitions were observed at +70° and -120°C, the Neel

temperatures of Vbz and V_0 respectively. These weak tran-

23
sitions indicate that the addition of dextrose to the melt pro-

duced V4+ and Vs+ ions and also that the local lingand eaviron-
ments of these trivalent and tetravalent ions in the separated

phase were quite¢ similar to the local ligand environments in

bt _ b+

V20 and VO,. Thus V and y3+_y3+ antiferromagnetic

3 2
coupling in the separated phase resulted in transitions similar
to those observed in crystalline systems. A paper discussing

the magnetic behavior of these glasses is append=d.

CuO-on5 Glasses

A 55 Cu0-55P205 glass has been prepared with varying

Cu2+/Cut°t‘1 ratio. The electrical conduction process in these
glasses is not presently clear as both large activation energies
for conduction (0.80-1.0ev) and minor time dependent conduction
have been observed. The electrical conductivity of these glasses
will continue to be studied since it appears that the conduction
mechanism may be both electronic and ionic in these glasses. It
was also observed that the resistivity appears to minimize near

cult/cutotal . 0.4, This behavior appears similar to the other

transition metal oxide-phosphate glasses.



Investigations of a 55-45 mole X Hnoz-ons glass have led
to a preliminary characterization of the magnetic structure of
the material. The glass was prepared in a manner similar to
that employed with other glasses studied; however, it was found
that the conductivity was less than 7x10-15 (ohn-cm)-1 This
implied that practically all of the maganese is in one valence
state, in sharp contrast to the iron and vanadium-phosphate
glasses, where as much as 50X of the transition rcetal ion was
in the lower valence state in the as :ast glass.

Magnetic susceptibility measurements of the manganese-
phuosphate glass showed that the bulk proparties are antiferromag-
netic with a projected 6 = - 230°K, x = 8.05 x lo-ls(cgs units)
at room temperature, and C = 3.71 x 10-2, However, the ESR line
intensity vs. temperature plot indicated that the glass {is
ferromagnetic down to 21°K. 1In addition, a calculation of the
area under the absorption spectra to determine the spin
density yielded a valve which is 103 greater than the number of
spins in the sample.

We have concluded that the manganese ions in this manganese-
phosphate glass are strongly antiferromagnetically coupled in
pairs. Yet because of local site distortion there is a slight
noncolincarization of the spins. The resultant moment from
each pair couples with other resultant moments so that a ferro-

magnetism is thought to exist with a transition temperature less
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than 21°K. The discrepancy between the spin density calculated
from stochiometry and from ESR data is the result of the strong

internal molecular field in the glass.

TiO-PZOs Glasses

Glass formation in this system was reported in the literature
only recently, and little property work has been published to
date. The main difficulty in this system arises in preparation
of specimens, due to the difficulty of obtaining a homogeneous
amorphous structure. J. R. Pawlik, et.al. (23) recently presented

A.C. and D.C. conductivity for a 4.5 Ti0 2.0P,0_. glass of

2-x 2°5

varying x-value as a function of a temperature and frequency.

If their D.C. data is replotted as a function of T13+/T1t°tal,

it appears that a minima occurs in the range Ti3t/Titotal , o 50,

This glass thus appears to behave similarly to the CuO/P205 glasses.
We hLave made attempts to study the magnetic properties of

titanium-phosphate glasses containing differing relative concen-

trations of divalent and triv.lent ions. The glasses were pre-

pared by prereacting 1102 and H3P04, drying the product and

melting. In order to obtain T13* in the glass, Tizo3 was added

to the product of the prereaction. The magnetic susceptibility

of all glasses indicated that they were diamagnetic, and ESR

studies showed that only a minute quantity of the titanium in

the glass was in the trivalent, or paramagnetic state. Thus,
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our study of titanium-phosphate glass containing varying con-
centrations of the valence states of titanium is presently in-
complete. However, an ESR study of the glasses will result in
valuable information. Since there is such a small quantity of the
paramagnetic ion in the glass. exchange coupling between titanium
ions would be negligible and we can examine the site symmetry of

the isolated Ti3* in the titanium-phosphate glass.

Summary of Transition Metal Phosphate Glasses

From the electrical and microstructural features of the
systems thus far examined it appears that if the effects of
microstructure are accounted for, the simple hopping model for
conduction is applicable. The previous observations of resist-
ivity minima at other than equal ion concentrations appear to
be a consequence of micro segregation. The magnetic property
observations likewise indicate that considerable confusion has
resulted from previously incomplete microstructural and x-ray

characterization.
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As,Te. - As_Se. Glasses
—2==3 2—3 —
Previously reported work in the BOAsZTe3 - 20AsZSe3 has
shown memory switching behavior in bulk glass samples. This
breakdown voltage was observed to be independent of thickness,
During the present report period considerable electrical and

structural characterization of glasses in this system has been

accomplished.

Delay Time Measurements

Switching delay time measurements were performed on the
80:20 glass and the 70:30 glass by applying a voltage pulse across
the sample through a series 100K resistor. The applied voltage
and the voltage across the sample were simultaneously observed
on a dual-beam oscilloscope. Figure 2 shows the results of a
measurement on the 70:30 glass. Two interesting results are
apparent from this measurement. First, the threshold switching
voltage for the pulsed case 18 nearly a factor of two higher than
it is for the DC or steady state switching (24). Second, it 1is
found that for values of applied voltage slightly greater than
the threshold value, the switching delay time is extremely slow,
ranging from 600 ms for the 70:30 sample to several seconds for
some of the 80:20 glasses. This long switching delay time further
supports the idea of a thermally initiated switching process.
The type of switching shown in Figure 2 agrees well with the
switching predicted by Warren (25) on the basis of his solution
of the time-dependent heat-flow equation.

The delay time was found to decrease sharply with increasing
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applied voltage, reaching the low millisecond region with over
voltages of several hundred volts. The delay time was also found
to decrease when a given sample was subjected to repeated break-
down at the same applied voltage. This appears to result from
areas of remnant crystallization brought about by the relatively
high currents associated with the pulsed switching. Similar
behavior with respect to breakdown voltage had been observed
earlier in the steady-state switching of the 80:20 and 70:3C
glasses (26) and is not surprising in view of the relatively un-
stable nature of these tellurium-rich glasses. The 60:40 and
50:50 glasses will probably exhibit considerably more stability
under pulsed switching, but unfortunately it would require inord-
inately high values of applied voltage to make the measurements
on these samples.

Figure 3 shows the results of the delay-time vs. applied
voltage measurements on the 80:20 glass. Curve 1 is for the
virgin gsample, which exhibits a very long initial switching delay
time which then decreases sharply with increasing voltage. Above
around 550v, the rate of decrease levels off. Curves 2 and 3
are subsequent runs taken on the same sample. It is seen that
the behavior for low voltages 18 quite different for the three
curves, but that at higher voltages all the curves converge. The
general behavior of these samples with respect to switching agrees

with results reported in the literature for other glasses (27).

Breakdown Voltage Vs. Composition

Breakdown voltage was measured as a function of composition
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over the compositional range from pure AszTe3 to AOAszTe3:60A328e3.
Thermal breakdown theory predicts a breakdown voltage which 1is
independent of thickness for bulk samples. This prediction was
confirmed by the measurements, in which the breakdown voltage was
found to be essentially independent of the thickness. 1In addition,
breakdown voltage was found to increase markedly with reduction

of tellurium content. Figure 4 shows the results of these measure-
ments. Although there is some scatter in the breakdown voltages

of different samples with the same composition, the compositional
trend is obvious. It was alaso found that increasing Se content
made the glass a much more stable switch at the expense of much
higher breakdown voltages. The 50-50 glass, for example, exhibited
a very stable breakdown voltage over many breakdown cycles 80 long
as the sample was not subjected to extremely high on-state currents.
Since the instability of the 80:20 and 70:30 glassas is believed

to be due to localized regions of current-induced crystallization,
it is not surprising that the 50-50 glass behaves more uniformly

in view of its higher stability as a glass.

Switching Behavior Vs. Temperatures

The switching characteristics of the entire glass system
have been studied as a function of temperature. Figure 5 shows
the results of increasing temperatuze on the I-V characteristics
of a 50:50 sample. Picture A, taken at room temperature, indi-
cates a very high off-state resistance (> 10MQ) and no breakdown
with an applied voltage in excess of 1000v., Picturxes B, C and
D, taken at 65°C, 102°C and 123°C, respectively, show successive

decreases in the off-state resistance and breakdown voltage as
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the temperature rises. In picture E, taken at 140°C. the off-
state and on-state resistance are approaching one another in
magnitude and the breakdown voltage has fallen to below 100v.
Finally, as the temperature is increased further, the sample
crystallizes and switching ceases. The resistance of the cry-
stalline state, shown in Picture F, is extremely low. After
crystallization, the sample remains in the low resistance state
as the temperature decreases.

Figure 6 shows a plot of breakdown voltage vs. temperature
for the 60:40 glass., If the heat flow equation is solved for the
breakdown voltage, an exponential integral results which can be
simplified for temperatures below the glass melting point to give

the following expression:

v s ki %
BR ooAE

T exp(AE/2kT) (1)

where k = Boltzmann's constant, T is the ambient temperature, K

is the thermal conductivity of the glass, oo is the infinite
temperature electrical conductivity, and AE is the activation
energy. This equation has been developed and reported in the
literature by several researchers (28,29). Equation 1 neglects
the field-dependent term, which 1s essentially equal to unitiy

for a bulk sample. Efforts to fit data such as that shown in
Figure 6 to the results predicted by Eq. 1 have been very success-
ful, yielding a very good fit and also producing values of AE

and %;j. which were taken as the variable parameters of the

fitting process.




16

D.C. Conductivity

The D.C. (off-state) conductivity of the glass system for
40A32Te3:60A328e3 to 80A32Te3:20A825e3 has been measured over the
the temperature range 23°C to 1000°cC. Preliminary analysis of the

data indicates that the D.C. conductivity, o, of each glass varies

exponentially with temperature according to the relation

A

- E
0 = 00 exp E?—' (2)

Apparent values of activation energy calculated from n0 versus
1/t curves agree closely with values determined from the switching
experiment. The activation energy for each glass was found to
generally decrease with increasing tellurium content as might be
expected. Table 1 summarizes the electrical data obtained from
computer analysis of the experimental data. These measurements
will be continued in the low temperature range in order to obtain

more accurate values for oo and AE.

Electron Microscopy

All of the AazTe3-AszTe3 glasses discussed above have been
examined using etched replica electron microscopy techniques.

While this work has not been analyzed in detail, it is presently
clear that compositiun changes effect the phase separated micro-

structures observed. This work will be completed early in the

next report period and will be included in the next report.
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RECOMMENDATIONS

1. Our principal recommendation is to continue the present program in
its present direction tu allow the synthesis of each of the results in a
unified theoty along the lines which are now clear in the chalcogenide
systenm.

2. As in our previous recommendations, we continue to recommend the
survey preparation of new glasses. We anticipate that the transition
metal oxide-phosphate, silicate, borate and germanate survey presently
in progress will be continued.

It is also anticipated that results on a new system Ag-As-S will be
most helpful in developing switching models. A detailed ternary phase
diagram was recently published (30) and our analyses should be simplified
with this as a basis. It is further anticipated that Cu and Au substi-
tuted in the above system will be quite informative from an atomistic and
microstructural model point of view.

3. The Mossbauer technique should be used to examine 57 Fe and 127 Te

in each of the systems presently under examination using other tech-
niques. This will significantly aid in atomic structure model develop-
ment in thesc systems as an addition to the present tools.

4. We recommend that the microwave and far infrared "conductivity
spectra' be obtained to facilitate in theoretical analysis of the conduc-
tivity/loss spectra. This will allow the loss behavior to be explicitly
attributed (31) to each mechanism thus reinforcing both atomic and micro-

structural analyses.
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Summary of Electronic Data on Chalcogenide Glasses

Composition

80:20
70:30
60:40
50:50

40:60

in the System x AszTe3 (1-x) A328e3

AE (ev)

0.47
0.40
0.45
0.52

0.55"

From conductivity data

20

TABLE 1

l(/o°

1.85 x 10~
3.02 x 10~
3.00 x 10

7.56 x 10

6
5
5
6

5.48 x 10°

2.75 x 10°

3.20 x 10}

1.98 x 10°
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TABLE I1
Summary of DTA Observations of Chaleogenide Glasses

Observed Exothermic Reaction Temperature (°C)

AszTe3/A328e3 5 c°/min 10 Colnin 25 c%/min
80/20 149 172 180
70/30 196 220 225
60/40 213 241 239(?)
50/ ‘v 205 N.O. 250(?)

40/60 NoOo NoOo N.O.




22 e

\
400 Y\
I\
wof |\
\
B
o | \\ sp6  spg  sp4

Besisinity 116° (a-¢m)
3

v

3
13+ 12

wwwmew—=Hansen's data - as cast

=== = =0ne hour heat treatment at 600°C

Figure 1. D.C. resistivity at 200°C vs. Fe3+/FeT°tal,

The data of Hansen is shown with present data

after thermal treatment of 1 hour at 600°C.



23

Figure 2. Delay time measurement of 70As_ Te,:30As.Te

2773 2" 73
glass at room temperature. (Upper trace 1is
applied pulse. 1lower trace is voltage across

the sample. Time scale:200 ms/cm)
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(A)

(c)

()

‘||||||||||‘|||| ||||||||||||||I (F)

Fipgure 5. Switching characteristics of 50A52Te3:

SOASZSe3 glass at several temperatures
(A) 23°% (B) 65°% (¢) 102°% (p) 123°
(k)  140¢  (F) 165°%
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Periodic Behavior

ABSTRACT

of Electrical Properties in

Transition Metal Phosphate Glasses

A. W. Dozier and D. L. Kinser

The ac and dc electrical
valent transition metal oxide
Glasses of nearly all one ion
ly high resistivities similar

properties of representative alter-
phosphate glasses were surveyed.
species, 1.e. Mn2+, exhibit extreme-
to previous observations in FeO-P_O

glasses. Minima In resistivity vs oxidation state plots appear

to be correlated with the number of valences available in each
system. Low resistivities were observed in surface films on CuO
glasses where oxidation/reduction reactions occurred during low
temperature treatments. The ac properties of some of these systems
exhibit relaxation maxima in the frequency 102 to 109 Hz, while
others are loss free in this range. Electron microscopy of these
glasses indicates that microstructural features can explain all

observed relaxation maxima.

This paper was presented

to the Glass Division, American

Ceramic Society Meeting, April 26, 1971 in Chicago, Illinois.
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ANTIFERROMAGNETIC BEHAVIOR IN THE V205-P205

SEMICONDUCTING GLASS SYSTEM
E. J. Friebele, L. K. Wilson and D. L. Kinser

Vanderbilt University
Nashville, Tennessee 37203

The magnetic resonance spectra of the semiconducting glass system
x V.0 ¢« (1-x) P,O- (x = 0.80, 0.75, 0.70, 0.65, and ‘0.60) has been studied
as g |f-hnction of "eXperiment temperature at 9.0 GHz. The resonance spectra
of the glasses consist of a singlet with approximately 300 gauss line-
width centered near g' = 1.96. The linewidth and the g' values for each
glass were essentially constant over the temperature range 77° K to
400° K. Both annealed and unannealed glasses exhibited antiferromagnetic
behavior with anomalies in the spectra line intensities at temperatures
corresponding to known antiferromagnetic transitions in the pure phase
vanadium oxides. The magnetic resonance data has been explained in terms
of a proposed structural model for the V,0.-P,O. glass system. (Research
sponsered by the U.S. Army Research Offi e-m)

Abstract submitted to the Annual Meeting of the American Ceramic Society,
March, 1971.
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Paper to be presented to
IX Congres International du Verre
September, 1971

ABSTRACT

Electrical and Magnetic Property Changes
During Devitrification

KINSER, D. L., WILSON, L. K., FRIEBELE, E. J.
AND DOZIER, A. W.*

Electrical conductivity and electron spin reson-
ance (ESR) measurements were conducted on 55 mole % FeO-
45 mole % P2°5 glasses with varying Fe3+/Fe and thermal
heat treatments. The DC conductivity and ESR linewidth
observations exhibit breaks at about 75°C. This correla-
tion is interpreted to indicate mechanism coupling between
the two processes. The magnitude of the magnetic reson-
ance was observed to be much sraller than that expected
for the amount of Fe3+ present. This indicated that the
spins are almost all antiferromagnetically ordered, hence
the atomic structure is partially ordered to accomodcate
magnetic ordering. This also indicates that the short
range order in the glass is considerably higher than a
random phosphate network with a high modifier content would
allow. Dielectric behavior was interpreted on the basis
of Maxwell-Wagner-Sillars heterogeneous dielectric behavior.



Paper Submitted to the Journal of the American Ceramic Society
Do not quote or refer to contents without authors' permission.

CORRELATIONS BETWEEN STRUCTURE AND ELECTRICAL

PROPERTIES IN A 55a/o FeO--45a/o P205 GLASS

A. W. Dozier*, L. K. Wilsont, E. J. Friebele*,
and D. L. Kinsert

School of Engineering

Vanderbilt University

Nashville, Tennessee
37203

The A.C. and D.C. characteristics of a 55a/o0 Fe0--45a/0 on5 glass
were measured as a function of heat treatment time at G00°C and Fe3+/FeT°t
ratio. A correlation was established between the behavior of the D.C.
resistivity vs. 1/T with varying heat treatment times and the appearance

of a high and lower frequency dispersion in the tan § vs. frequency

A.C.
measurements. A theory explaining this correlation is proposed and
evidence in support of this theory obtained from Guinier DeWolff powder

camera data.

*Graduate Assistant, Vanderbilt Uaiversity School of Engineering

tAssociate Professor, Vanderbilt University School of Engineering



INTRODUCTION

The study of A.C. phenomena in semiconducting glasses is a relatively
new area. The first works appeared around 1965, and were concerned with
conductivity as a function of frequency, and dielectric loss observa-

1’2’3

tions. One of these, by Hansen and Splannz, plotted the dielectric

loss parameter as a function of frequency for a 55a/o FeO--45a/o P205
glass. Loss peaks appeared in this data, and were attributed to a
resonance phenomena associated with charge carriers moving between
transition metal cation sites on the amorphous lattice, i.e., Schmid's
small polaron conduction mechanism for amorphous semiconductors. Hansen's
specimens were annealed at relatively high temperatures (450-500°C), and
these loss peaks were attributed to an inhomogeneous dielectric, re-
sulting in a loss of the Maxwell-Wagner-Sillars type, by Kinser.a
Transmission electron microscopy was used to support Kinser's observa-
tions. Similar phenomena had been observed in other amorphous systems
earliet.s’6
The purpose and scope of this paper is to examine the A.C. and
D.C. properties of a 55a/o FeO--45a/o0 PZOS glass as a function of heat
treatment time at elevated temperatures, and as a function of varying
Fe3+/FeT°t ratios. These measurements were correlated with the appear-
ances of crystalline phases in Guinier de Wolff puwder camera data. A

study of D.C. and A.C. properties and density as a function of quenching

rate is also included.
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EXPERIMENTAL PROCEDURE

Specimens were made by melting 300 gm. batches of reagent quality
mat-rial in silica crucibles for one hour at 1300°C. The melting time
was measured from the last addition to the crucible. Thirty minutes
wvere required to melt the entire batch. Varying Fe3+/FeT°t ratios were
obtained by adding different amounts of dextrose to the melt. The
pouring sequence of=the specimens from the melt was recorded, and the
specimens were divided sequentially into groups of about five each.

The time from the first specimen poured to the last was about 40 minutes.

Two specimen configurations were used. One type was produced by
a plunger and die configuration, which yielded cylindrical specimens
1.7 cm. in diameter and from .4 to .5 cm. in thickness. Specimens about
.3 cm. in thickness and from 2.5 to 5.0 cm. in diameter were obtained
bv quenching between two copper plates 8 cm. x 15 cm. x 1.5 cm. in the
other method. The quenching rate was varied in both cases by cooling
the molds to 77°K, 25°C and 300°C preheat. After casting, the specimens
were strain annealed at 300°C for one hour.

Both x-ray and electrical specimens used in the experiment were
from the middle group of each batch. Titrations were run on specimens
in the first and last group poured in each melt, as well as specimens
in the middle group, for melts in which the plunger and die configuration
were used. This was not necessary in the case where copper plates were
ugsed, due to the fact that the specimens were large enough to make an
electrical specimen and have enough material left over for x-ray
specimens and a titration. Titrations were also run as a function of
heat treatment time. The titration was made in two steps, one to deter-

mine Fe2+, the other to determine FeTOC. The possible error in the




Fe3+/FeT°t

Fe3+/Fe'l'ot

ratio wvas determined to be $.043. From these values, the
ratios could be determined. This ratio did not vary more
than the possible error in specimens poured first in the melt, and those
poured last. Both steps of the titration were carried out under a
nitrogen atmosphere, and in both steps approximately .5 gm. of specimen
was dissolved in concentrated HCl. In the FeTot titration, all Fe ions
were first reduced to the Fe2+ state using stannous chloride. Excess
Sn2+ ions interfere with the titration and were, therefore, displaced

by adding mercuric chloride to the solution. The excess ng+ ions
formed an insoluble precipitate, “'ZCIZ’ in the HC1 solution. The

titration for Fe2+

was then performed using diphenylamine sulfonic acid
as an indicator and potassium dichromate as a titrant.

Electrical specimens were made by evaporating gold electrodes in
a guard ring configuration on the specimen, and then anncaling for one
hour at 300°C to allow diffusion bonding to take place. D.C. measure-
ments were made using conventional guarded techniques. A.C. measure-
ments were made in the audio frequency range using a Wayne Kerr B221
audio bridge in conjunction with a Hewlett-Packard 615B oscillator.
The measurements were made in the radio frequency range using a Wayne
Kerr B60]1 radio frequency bridge with an external null detector.

Guinier and DeWolff powder camera specimens were made by taking
chips of the va<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>